We present a study of N v absorption systems at 1.5 z 2.5 in the spectra of 19 QSOs, based on data obtained with the VLT/UVES instrument. Our analysis includes both the absorbers arising from the intergalactic medium, as well as systems in the vicinity of the background quasar. We construct detailed photoionization models to study the physical conditions and abundances in the absorbers and to constrain the spectral hardness of the ionizing radiation. The rate of incidence for intervening N v components is dN/dz = 3.38 ± 0.43, corresponding to dN/dX = 1.10 ± 0.14. The column density distribution function is fitted by the slope β = 1.89 ± 0.22, consistent with measurements of C iv and O vi. The narrow line widths (b N v ∼ 6 km s −1 ) imply photoionization rather than collisions as the dominating ionization process. The column densities of C iv and N v are correlated but show different slopes for intervening and associated absorbers, which indicates different ionizing spectra. Associated systems are found to be more metal-rich, denser, and more compact than intervening absorbers. This conclusion is independent of the adopted ionizing radiation. 
Introduction
Studying elemental abundances in various environments is important for understanding the enrichment history and chemical evolution of astronomical objects. Of particular interest are metal-poor objects, which are thought to be very old and to conserve the abundances pattern of early enrichment. In the local Universe these are, for example, extremely metal-poor halo stars (see Beers & Christlieb (2005) for a review). At higher redshifts, the abundance pattern of damped Lyα (DLA) systems can be studied in detail (reviewed by Wolfe et al. 2005) . Metal-rich objects like quasars at very high redshift suggest that a substantial amount of metals must have been produced at very early epochs, implying star formation prior to the redshift of observation (see the review by Hamann & Ferland 1999) . Measured abundances can then be compared to predicted chemical yields of different stellar populations (e.g. Woosley & Weaver 1995; Iwamoto et al. 1999; Heger & Woosley 2002; Limongi & Chieffi 2003; Chieffi & Limongi 2004; Umeda & Nomoto 2005; Kobayashi et al. 2006 ) optionally weighted by an initial mass function (IMF) to constrain the production site of the heavy elements.
An important tracer of the chemical evolution is the abundance of nitrogen. Nitrogen is created by the conversion of carSend offprint requests to: C. Fechner, e-mail: cfech@astro.physik.uni-potsdam.de ⋆ Based on observations made with VLT/Kueyen telescope ESO, Paranal, Chile bon and oxygen during the CNO cycle in hydrogen-burning zones. If the seed carbon and oxygen atoms are produced in the star itself, the nitrogen is called primary. Secondary nitrogen is produced if carbon and oxygen have already been present in the gas that formed the star. Since α-elements (elements built up of 4 He-cores, e.g. oxygen and silicon) are mainly produced by Type II supernova explosions of massive stars, they are released into the surrounding medium at earlier epochs than carbon and nitrogen, which are mainly created during nuclear burning within massive and intermediate-mass stars. Stars with M > 8 M ⊙ dominate the production of carbon at early epochs, while stars with lower masses are the main production sites for nitrogen released with a given time lag. Because of this time delay, Edmunds & Pagel (1978) first proposed to use [N/O] as an age indicator. The sensitivity for such an age indicator depends on the duration of the time lag. Pettini et al. (2002) estimate that the ∼ 250 Myr inferred by Henry et al. (2000) are too short to explain all the DLA systems with low [N/α] abundances. However, the time delay increases if stellar rotation is taken into account shifting the production site of primary nitrogen to stars with lower masses and longer evolutionary time scales (Meynet & Maeder 2002; Meynet & Pettini 2004 ).
Furthermore, [N/α] traces the production process of nitrogen. While the presence of only primary nitrogen leads to constant [N/α] as found in low-metallicity DLA systems (e.g. Prochaska et al. 2002; Centurión et al. 2003; Petitjean et al. 2008 ; Pettini et al. 2002 Pettini et al. , 2008 , [N/α] increases with metallicity if secondary nitrogen contributes. The early release of α-elements also leads to an α-enhancement with respect to car-bon in the intergalactic medium (IGM; [Si, O/C] > 0, e.g. Aguirre et al. 2004 Aguirre et al. , 2008 Simcoe et al. 2004 Simcoe et al. , 2006 , indicating enrichment by SN II explosions of massive stars (e.g. Matteucci & Calura 2005; Qian & Wasserburg 2005) . Such estimates are based on the detection of C iv, Si iv, and O vi features in QSO absorption spectra whose measured column densities can be transformed into abundances applying appropriate photoionization corrections. However, due to the sparse detection rate of nitrogen features the nitrogen abundance of the highredshift IGM is rather unknown.
Though absorption features of N i and/or N ii are usually observed in DLA systems, nitrogen is rarely detected in optically thin (i.e. N H i 10 17 cm −2 ) intergalactic absorption systems. Features of N v are often identified in absorption systems proximate to the background quasar (e.g. the recent work of Fox et al. 2008) . Because of its rather high ionization potential (77.5 eV = 5.7 Ryd to be created, 97.9 eV = 7.2 Ryd to be destroyed) this ion is generated by the hard radiation of the close-by QSO. Moreover, quasars are generally metal-rich (e.g. Dietrich et al. 2003 ) and about solar [N/H] has been measured in associated systems (e.g. D' Odorico et al. 2004 ) making N v easily detectable in proximate absorbers. Together with other highly ionized species such as O vi, N v absorption is also detected in the galactic halo and high-velocity clouds (Savage et al. 1997; Indebetouw & Shull 2004) . Fox et al. (2007) found 3 DLA systems exhibiting weak N v features in a sample of O vi-bearing DLAs (see also Lehner et al. 2008) . Recently, Prochaska et al. (2008) report on the detection of N v absorption close to longduration gamma-ray bursts. The generally narrow line widths of the features imply photoionization of the gas by the gamma-ray burst afterglow.
In the IGM the metallicity and therefore the nitrogen content is lower and the ionizing UV background is substantially softer than unfiltered QSO radiation. Thus, N v features are expected to be weak and will arise mainly in the Lyα forest making the detection and identification difficult. One might expect to detect N v absorption preferentially when the absorbing material is exposed to a locally hardened radiation field. This may occur in the vicinity of a foreground QSO close to the line of sight generating a so-called transverse proximity effect. Due to the locally higher level of ionization this effect should produce a decrease in the density of neutral hydrogen, which is, however, rarely detected (e.g. Liske & Williger 2001; Croft 2004; Schirber et al. 2004; Gallerani et al. 2008 ). Yet, combined analyses considering also He ii (Jakobsen et al. 2003; Worseck et al. 2007 ) and metal line absorption (Gonçalves et al. 2008 ) demonstrate the existence of the transverse proximity effect in spectral hardness. Studying the line of sight towards HE 2347-4342 Worseck et al. (2007) find a foreground QSO at z = 2.282 with a transverse proper distance of 1.76 Mpc in the vicinity of the intergalactic N v system at z = 2.2753.
In this paper we present a systematic search for N v at z ∼ 2 in QSO absorption spectra aiming to probe the nitrogen abundance in the IGM and to test whether N v is a tracer for spectral hardness of the ionizing radiation. Therefore we select both intervening N v absorbers and systems associated to the background quasar. Their statistical and physical properties are studied and the characteristics of the different absorber classes are extensively compared. After presenting our selection procedure and the resulting sample in Sect. 2, we investigate the statistical properties of N v absorption lines like number density and column density distribution in Sect. 3. In order to estimate elemental abundances we compute photoionization models as described in Sect. 4. The results are presented in Sect. 5 and the implica- tions for the enrichment of the IGM and for the presence of hard radiation sources close to N v absorption systems are discussed in Sect. 6. Our conclusions are presented in Sect. 7. Throughout the paper we use a cosmology with Ω M = 0.3, Ω Λ = 0.7, and H 0 = 70 km s −1 Mpc −1 . Abundances are given in the notation [X/Y] = log(X/Y) − log(X/Y) ⊙ with solar abundances taken from Asplund et al. (2005) .
Sample
We search for N v systems in the optical spectra of 19 QSOs taken with UVES at the VLT (ESO Large Program 166.A-0106(A)). The spectra cover the optical range redward of the atmospheric cut-off, λ 3500 Å, with high resolution (R ≈ 45 000) and a typical signal-to-noise ratio of S /N ∼ 35 − 70. The data reduction has been performed by B. Aracil (Aracil et al. 2004) . We identify C iv doublets and for each C iv system we check for N v features at the same redshift. Therefore, our sample includes only absorption systems exhibiting N v and C iv simultaneously. Moreover, we look for various additional transitions and estimate the column densities of all identified species performing Doppler profile fits. For the complex associated system towards HE 2347-4342 we adopted the parameters estimated by Fechner et al. (2004) . The basic properties of the investigated lines of sight are summarized in Table 1 including the redshift range that has been searched for intervening N v systems and the corresponding absorption path length dX
The fitted line parameters are given in Tables B.1 and B.2 in the Appendix. Systems within |∆v| ≤ 5000 km s −1 are classified as associated. Absorbers selected by this criterion may not be intrinsic to the quasar host, while systems with velocity shifts ∆v < −5000 km s −1 may be (e.g. Richards et al. 1999; Misawa et al. 2007 ). Additional indicators to discriminate between intrinsic and intervening systems include partial coverage or time varying line profiles. Few of our associated systems indeed show partial coverage (e.g. z = 2.4427 towards HE 1158-1843) but none of the systems classified as intervening do. Misawa et al. (2007) investigated associated and intrinsic narrow absorption lines traced by C iv in a large sample of 37 quasars, finding that roughly 15 % of the systems classified as non-associated due to their velocity shift are probably intrinsic. According to this estimate we would expect 3 out of 22 non-associated N v systems to be mis-classified. This number is an upper limit since we count only systems showing C iv and N v absorption simultaneously whereas Misawa et al. (2007) studied all systems traced by C iv only.
The system at z = 2.3520 towards Q 0329-385 is probably mis-classified by the adopted velocity criterion. Its H i feature is unusually weak for exhibiting pronounced metal lines (N H i ∼ 10 −13 cm −2 in two components) and the velocity shift from the QSO emission redshift is roughly −7670 km s −1 . Furthermore, photoionization modeling of this system (see Section 4) leads to unusual high metallicity ([N/H] ∼ 1.1, when adopting an HM01 background) as well suggesting that it is probably intrinsic. Therefore, we classify this absorber as associated (see also Levshakov et al. 2008) . Note that if we enlarge the velocity interval to select associated absorbers up to |∆v| < 15 000 km s −1 , the one at z = 2.3520 towards Q 0329-385 would be the only additional associated system selected.
Line statistics

Number density
In 19 sight lines we find 21 intervening N v systems in 61 individual components and 11 associated systems with 46 individual components, where we exclude two (sub-) DLAs towards PKS 0237-23 and two mini-BAL systems towards HE 1341-1020 (see also Levshakov et al. 2008 ). This sample is N v selected from 198 intervening and 30 associated C iv systems for which N v is (in principle) observable. Thus, the fraction of intervening C iv systems showing N v absorption is ∼ 11 %, while roughly 37 % of associated C iv absorbers (within 5000 km s −1 from the background QSO) exhibit N v as well.
The probed redshift path in total is ∆z = 18.06 in the range 1.5 ≤ z ≤ 2.5 corresponding to a total absorption length of ∆X = 55.50. Thus the rate of incidence for intervening N v systems is dN sys /dz = 1.16 ± 0.25 and dN/dz = 3.38 ± 0.43 for individual components, corresponding to dN sys /dX = 0.38 ± 0.08 and dN/dX = 1.10 ± 0.14. These numbers are calculated excluding a proximity zone of |∆v| ≤ 5000 km s −1 for each line of sight. If an enlarged proximity zone |∆v| ≤ 15 000 km s −1 is considered, the probed total redshift path and the corresponding total absorption length reduce to ∆z = 15.79 and ∆X = 47.97, leading to slightly higher number densities (dN sys /dX = 0.44 ± 0.10 and dN/dX = 1.27 ± 0.61, respectively).
Our sample is most likely incomplete due to blending with the Lyα forest. Furthermore, we select only N v systems exhibiting C iv features and possibly neglect systems showing N v but no corresponding C iv absorption. Therefore the actual rate of incidence might be higher, in particular for low column density features. The column density distribution function for the intervening components shown in Fig. 2 suggests that our sample may be complete for column densities log N N v 12.7. This subsample includes 41 individual components in 17 systems leading to dN/dz = 2.3 ± 0.4 and dN sys /dz = 0.9 ± 0.2, respectively, for N N v ≥ 4.5 · 10 12 cm −2 . The estimated number density of N v components is roughly 6 times lower than that of C iv as Songaila (2001) finds dN C iv /dX = 6.8 ± 2.7 in the same redshift range and half the number of Si iv components (dN Si iv /dX = 3.5 ± 1.0), according to the values given in her Table 1. The reduced rate of incidence for N v in comparison to C iv is roughly consistent with the fraction of C iv systems showing N v absorption (∼ 0.11). This probably reflects the lower abundance of nitrogen with respect to carbon and silicon. Due to the low nitrogen content fewer systems showing features of nitrogen are expected.
At low redshift (z < 0.4) Danforth & Shull (2008) detect N v with a rate of incidence of dN/dX = 3 ± 1. Thus, N v appears to be more numerous at low redshift than at z ∼ 2. At low redshift N v is correlated with O vi, which is mainly collisionally ionized due to shock heating contributing to the warm-hot intergalactic medium (WHIM, see e.g. the review by Richter et al. 2008 ). Thus, Danforth & Shull (2008) conclude that N v is also a tracer of the WHIM and therefore is collisionally ionized. In contrast, O vi as well as N v are photoionized at z ∼ 2 (e.g. Bergeron et al. 2002; Levshakov et al. 2003; Bergeron & Herbert-Fort 2005; Reimers et al. 2006, discussion below) . Therefore, N v absorbers at high and low redshift may represent different populations.
Column density distribution and line widths
The distributions of the observed N v column densities of the intervening and associated components, respectively, are presented in the left panel of Fig. 1 . While the distribution for the intervening components is clearly peaked at log N N v ≃ 12.8 and no components with N N v > 10 14 cm −2 are detected, the column densities of associated systems are distributed more smoothly over a broader range with values up to ∼ 10 14.8 cm −2 . In case of intervening systems the distribution of the estimated Doppler parameters shown in the right panel of Fig.  1 has a pronounced maximum at ∼ 6 km s −1 and a slight tail with values upto ∼ 20 km s −1 . If interpreted as thermal broadening, b N v ∼ 6 km s −1 corresponds to a temperature of T ∼ 30 000 K. The narrow lines imply photoionization of nitrogen. According to the computations of Sutherland & Dopita (1993) and Gnat & Sternberg (2007) , in collisional ionization equilib- rium the ionization fraction of N v peaks at T ≃ 2 · 10 5 K, corresponding to a line width of b ≃ 15 km s −1 . Only 10 % of the intervening components are broad enough to be collisionally ionized, clearly suggesting photoionization as dominant ionization process. This, however, is probably a selection bias since the ionization fraction of C iv in hot, collisionally ionized gas strongly decreases ( f C iv ∼ 0.03 at 2 · 10 5 K; Gnat & Sternberg 2007) while the dominating species is C v. Thus, our selection procedure favors photoionized intervening N v absorbers.
Associated components on average show broader line widths. Their Doppler parameter distribution peaks at ∼ 10 km s −1 with a significant tail up to ∼ 30 km s −1 . Even though our sample is too small to draw robust conclusions there might be a bimodality in the b-parameter distribution showing one pronounced peak at 10 km s −1 corresponding to T ∼ 84 000 K, and a second smooth maximum at ∼ 22 km s −1 . The broader absorption lines may be affected by QSO outflows. The fraction of components with b > 15 km s −1 , which may possibly be collisionally ionized, is ∼ 26 %.
The column density distribution function is defined as the number N of absorbers within a given column density bin ∆N per observed absorption path length X, i.e. f = N/(∆N · ∆X) and is usually parameterized as f = A · N −β . For the intervening components the column density distribution function is shown in Fig. 2 . Our sample appears to be complete down to log N N v ≈ 12.7. Above this threshold we estimate β = 1.89 ± 0.22 and log A = 11.2 ± 2.9.
At z < 0.4 the column density distribution function of N v yields β N v = 1.87 ± 0.17 (Danforth & Shull 2008) in excellent agreement with the slope at z ∼ 2. Comparing to other species, this slope is slightly steeper than β C iv = 1.44 ± 0.05 as estimated for C iv absorption at z ∼ 3 by Ellison et al. (2000) but fully consistent with β C iv = 1.8 ± 0.1 found by Songaila (2001) independent of redshift in the range 1.5 < z < 5.5. Using an pixel optical depth-based technique Songaila (2005) finds β C iv = −1.7 considering only features with log N C iv > 13.0 but a flatter slope of −1.44 if low column density absorbers are additionally taken into account and an incompleteness correction is applied. Our sample of intervening N v absorbers exhibits mainly high C iv column densities (see below). Thus, the agreement of the slopes at N 10 13 cm −2 may suggest a common origin of both ions. However, due to incompleteness in the low column density range we cannot conclude whether the N v distribution function flattens at log N N v 10 13 cm −2 . Our best-fit slope is also consistent with β O vi = 1.7 ± 0.5 estimated by Bergeron & Herbert-Fort (2005) for O vi absorbers with 13.0 < log N O vi < 14.3 at z ∼ 2.3. The consistency of the slope of the column density distribution function for strong absorbers of the three species C iv, N v, and O vi indicates that they may have a common origin in the probed redshift range. At z ∼ 2 this is likely photoionized gas.
Comparison to C iv
Since the N v absorbers are selected from a sample of C iv systems, line parameters of N v and C iv can be compared directly. Figure 3 presents the measured N v column densities versus C iv for intervening and associated systems, respectively. Both absorber classes show well-correlated N v and C iv. While N v is systematically weaker than C iv in intervening absorbers, associated systems exhibit similar N v and C iv column densities. Furthermore, the slope of the correlation is different for both classes of absorbers. Fitting N N v ∝ N α C iv leads to α = 0.40±0.07 for the intervening systems. The slope in case of the associated systems is considerably steeper yielding α = 0.64 ± 0.10.
The different slopes are likely due to the different ionizing radiation fields the absorbing gas is exposed to. While associated absorbers see the hard radiation of the background QSO in addition to the general intergalactic UV background, intervening absorption systems are presumably ionized solely by the background radiation. Worseck et al. (2007) , however, find an intervening N v system at z = 2.2753 towards the quasar HE 2347-4342 in the vicinity of a foreground quasar close to the line of sight, which is also part of our sample. This system therefore is supposed to be exposed to a harder radiation field even though it is intervening. If intervening N v arise preferentially close to foreground QSOs, the N v/C iv ratio is expected to be rather similar for intervening and associated absorbers. The detection of different slopes for both types of absorbers indicate that the absorber towards HE 2347-4342 may arise from a particular configuration and intervening N v absorption does not directly trace hard radiation sources close to the line of sight.
However, the problem might by degenerated since associated and intervening absorbers are expected to have different abundances. While associated systems usually show about solar metallicity and solar nitrogen abundance (e.g. reviewed in Hamann & Ferland 1999) , intervening systems are expected to have typically lower abundances. Since DLA systems believed to probe the inner parts of high-redshift galaxies are usually metal poor and underabundant nitrogen is detected, a similar abundance pattern is expected for intergalactic absorption systems even farther away from early (proto-)galactic systems. Therefore, intervening systems are supposed to exhibit weaker N v features as a consequence of their lower nitrogen content. This, however, should affect the offset of the N v/C iv relation but not its slope, supporting the conclusion that intervening N v systems do not strictly trace hard foreground radiation sources like quasars close to the line of sight. In Sect. 6.1 we will additionally argue that no evidence of a generally harder radiation at the location of intervening N v systems is found from photoionization modeling adopting several ionizing spectral energy distributions.
Inspection of the line profiles shows that the N v absorption is usually well-aligned with C iv while the features of O vi are apparently shifted slightly to the red. In Fig. 4 the distribution of the velocity difference between C iv and N v is shown in
, O vi is shifted to positive velocities with a maximum at ∼ +4 km s −1 . The usual interpretation of this often observed velocity shift between O vi and C iv (e.g. Reimers et al. 2001; Carswell et al. 2002; Simcoe et al. 2002) is that the lines do not arise from the same volume. By observing multiple lines of sight of gravitationally lensed QSOs, Lopez et al. (2007) showed that O vi absorbing gas is much more extended compared to other species. However, in a simple picture where O vi and C iv arise from spatially distinct volumes one would expect to find O vi shifted statistically to higher as well as lower velocities. Checking the O vi selected systems reported by Carswell et al. (2002) and Simcoe et al. (2002) , O vi features at high redshift seem to be shifted to positive velocities with respect to C iv if they are displaced at all. At low redshift Tripp et al. (2008) have recently found a displacement between H i and O vi in particular for complex O vi systems. They detect a trend for O vi shifted to Upper curves indicate the HM01 background in addition with a QSO spectrum described as a power law f ν ∝ ν −1.0 for increasing dominance of the QSO (J QSO /J HM01 = 0.1, 0.3, 1, 3, 10, 30, 100 at 1 Ryd).
higher velocities, too. However, the origin of the shift remains uncertain.
In summary, we find the N v features are well-aligned with C iv, implying that these both species arise from the same gas phase.
Photoionization modeling
For each of the systems we construct photoionization models using CLOUDY (v05.07.06; Ferland et al. 1998 ) in order to estimate the nitrogen abundance. For a given radiation field the ionization parameter U = n γ /n H , which is the ratio of ionizing photons and hydrogen density, can be determined by matching the observed column density ratio of two species. The metallicity of the absorber and its relative elemental abundances are then adjusted in course of the modeling procedure. In particular, we obtain estimates of [N/H] can be derived. Solar abundances are taken from Asplund et al. (2005) .
In a first approach we adopt the UV background from Haardt & Madau (2001) (Scott et al. 2000 ). This energy distribution consists of the radiation of QSOs and galaxies whose spectra are filtered while propagating through the IGM. Since associated absorbers are additionally exposed to the radiation of the background QSO, we add a power law spectrum f ν ∝ ν α to model these systems. The spectral index α is adopted from the literature if possible, otherwise we assume α = −1.0.
The used values are listed in Table 2 . Levshakov et al. (2008) recently reconstructed the ionizing radiation for a few associated systems. They find a depression of the intensity at E > 4 Ryd, possibly due to the He ii Lyman continuum opacity of a quasar accretion disk wind. If such a depression is present for all associated systems, a pure power law QSO continuum definitely overestimates the hardness of the radiation. For comparison we therefore construct models adopting the pure HM01 background and can thus estimate the systematics, which may be introduced by the uncertainties of the hard QSO spectrum.
The flux of the QSO radiation reaching the absorber depends on the luminosity of the source and the distance of the absorbing material to the quasar. Since the location of the absorber is usually unknown, several models are derived changing the intensity 4πJ ν of the QSO power law at 1 Ryd relative to the HM01 background from 0.1, i.e. little contribution of the QSO to the ionizing radiation, to 100, i.e. the ionizing radiation is dominated by the QSO. The tested spectral energy distributions are illustrated in Fig. 5 showing a pure HM01 background at z ∼ 2 and spectra combined with a f ν ∝ ν −1.0 power law with J QSO /J HM01 = 0.1, 0.3, 1, 3, 10, 30, 100 at 1 Ryd. From the resulting model parameters a mean value of the abundances is estimated with error bars reflecting the spread of the values in the considered parameter range.
In order to test whether foreground quasars close to the line of sight provide high-energy photons generating the intergalactic N v systems, models with a joint HM01+QSO power-law radiation are computed for each intervening system as well. Generally, we assume α = −1.0 except for 3 systems that are relatively close to the background QSO with known spectral indices from the literature. These are the systems at z = 2.0422 (v ≈ −17 400 km s Cheng et al. 1991) .
If possible, we chose two ions of the same element to construct the model to not depend on any assumption about the relative abundances. Models are based on C iii/C iv for 14% of the intervening and 75% of the associated systems. Si iii/Si iv is used in case of 29% of the intervening systems. For 33% of the intervening and one associated system we adopt C iv/O vi to estimate the ionization parameter assuming solar O/C abundance since no other appropriate species are observed. Since C iv and O vi features are often shifted by ∼ 4 km s −1 , both ions may not arise from the same gas phase (see Sect. 3). Therefore, photoionization models based on the C iv/O vi provide only a rough estimate. However, we have verified that our main conclusions are valid even if those models are excluded. The identified absorption features together with the line profiles computed from the best-fit models are presented in the Appendix in Figures A.2 Adopting different column density ratios to constrain the photoionization models might introduce systematic uncertainties to the abundance estimates since it is assumed that all species reside in the same gas phase. In order to check whether this assumption is justified we compute models based on the ratios C iii/C iv, Si iii/Si iv, and C iv/O vi for the same system. Such a comparison is possible for the intervening system at z = 2.2510 towards Q 0329-385 and the associated system at z = 2.6362 towards Q 0453-423, which exhibit features of all relevant species. We find that the resulting abundances spread over 0.5 dex. This roughly corresponds to the size of the error bars due to the uncertain quasar contribution to the ionizing spectrum for the associated systems (see Table 2 ). Therefore, the estimated abundances could have an additional uncertainty of ∼ 0.5 dex due to a possible multi-phase nature of the absorbing material.
The intervening system at z = 1.5771 towards HE 0001-2340 has to be modeled based on the C ii/C iv ratio since C iii and O vi would both arise outside the observed spectral range and no Si iii feature is detected (Fig. A.1) . Due to the different ionization potentials (1.79 versus 4.74 Ryd) C ii and C iv absorption may not arise from the same gas phase questioning the results. Adopting a HM01 background, indeed, leads to rather unusual
Since a model based on the C ii/C iv is not robust, we exclude this system from further discussion. Moreover, there are 5 systems (4 intervening (19%) and 1 associated) that cannot be modeled since they exhibit features of H i, C iv, and N v only. The observed species and the profiles obtained from Doppler profile fitting are presented in Figures A.28 to A.32 in the Appendix.
Results
The abundances derived from the photoionization modeling of the intervening (associated) systems are summarized in the upper (lower) part of Table 2 Fig. 6 ). In the following the results will be discussed in detail.
Intervening systems
For the intervening systems we find metallicities in the range −1. Table 2 . Abundance estimates from photoionization modeling for the intervening (upper part) and associated systems (lower part), respectively. Cheng et al. (1991) b no additional power law spectrum adopted (see discussion in Section 5.2) c Telfer et al. (2002b) [N/H] ∼ −2.0 is the system at z = 2.2464 towards Q 0420-388. The model is based on the Si iii/Si iv ratio. Unfortunately, both components of Si iv are at least partially blended (see Fig. A.14) . Thus, the adopted Si iv column densities might be biased and the abundance estimates may suffer from large uncertainties.
Excluding the upper limit, we find a Spearman rank-order correlation coefficient of r s = 0.61 for a correlation between Besides abundances the photoionization models provide informations of typical values of the absorbers' physical parameters. The typical densities derived for intervening absorbers are n H ≃ 10 −3.6 cm −3 or slightly less. Temperatures are typically ∼ 32 000 K in agreement with the b-parameters of the N v profiles discussed in Sect. 3. Combining the model parameters it is possible to estimate the sizes of the absorbers according to
where f N v denotes the ionization fraction of N v. For intervening systems typical sizes of a few to several 10 kpc are found (median 4.8 kpc). About 32 % of the modeled components are smaller than < 1.5 kpc. Since most of them are metal-rich (mean [C/H] = −0.26), they may belong to the population of compact, metal-rich absorbers found by Schaye et al. (2007) . The authors argued these absorbers are short-lived and could therefore be responsible for the dispersion of heavy elements into the IGM. As a consequence the enrichment of the IGM is supposed to be inhomogeneous. In this picture the wide spread in the relation between [N/α] with metallicity would naturally follow from the enrichment mechanism.
Associated systems
The associated systems are modeled assuming a HM01 background and an additional QSO power law spectrum. Since the distance of the absorbing material from the QSO is generally unknown, we construct models for different intensity ratios of the background and QSO spectrum in the range 0.1 ≤ J QSO /J HM01 ≤ 100 resulting in spectra like those displayed in Fig. 5 where the slope α of the power law for each QSO is listed in Table 2 . Therefore, we give error bars for the results reflecting the uncertainties of the derived parameters with respect to the influence of the QSO radiation and the unknown distance between absorber and background quasar. Furthermore, it should be kept in mind that metal line systems proximate to the quasar may ex- ist in time-variable conditions due to inflows, outflows, or variations of the background source. Thus, the absorber might not be in equilibrium. Though we assume a single-phase absorber, there may exists multiple gas phases remaining unrecognized. In this case our models would overestimate the H i column density for the considered phase and therefore underestimate the metallicity. In the following we first will give some remarks on individual systems and then present the results from our sample of associated absorbers. The complex associated system towards HE 2347-4342 has been analyzed to constrain the spectrum of the ionizing radiation by Fechner et al. (2004) and more recently by Levshakov et al. (2008) . For our study of the N v absorption we consider three groups of absorption features at z = 2.8916, 2.8972, and 2.9027 (Figs. A.25, A.26, and A.27 ). The latter complex has been found by Fechner et al. (2004) to be exposed to an extremely hard radiation field, while the former two complexes are ionized by a softer spectrum, possibly by the filtered radiation of the background QSO (see also Levshakov et al. 2008) . Therefore adding a power law with α = +0.56 (Telfer et al. 2002b ) to the UV background will result in an ionizing spectrum too hard for the two lower redshift absorption complexes. Such a spectrum, indeed, leads to unrealistically high metallicities [C/H] ∼ +4.4. Testing a slightly softer spectrum with α = 0.0 reduces the metallicity to [C/H] ∼ +3.6, which would still mean a metallicity of ∼ 4000 solar. Consistent with the results from Fechner et al. (2004) and Levshakov et al. (2008) we assume a HM01 background as ionizing radiation, which should lead to more realistic models. The results for these models are indicated in the right panels of Fig. 7 without error bars.
A special system is at z = 2.1475 towards HE 1341-1020, recently analyzed by Levshakov et al. (2008) . Features of various low and high ionized species are detected in three compo-
and O vi; see Fig. A.19 ). Since all highly-ionized species are severely saturated, the N v gas phase cannot be modeled reliably. However, a feature of C ii * λ 1335 is detected as well. Therefore, it is possible to estimate the electron density from the ratio of the measured C ii * /C ii column densities (Bahcall & Wolf 1968 ) using
where A 21 is the transition probability for spontaneous radiative decay and γ 12 is the rate coefficient for collisional excitation by electrons. For the strongest component we measure log N C ii = 14.20 ± 0.01 and log N C ii * = 12.49 ± 0.03. Adopting A 21 = 2.29 · 10 −6 s −1 (Silva & Viegas 2002 ) and γ 12 = 1.58 · 10 −7 cm 3 s −1 (Tripp et al. 1996) yields n e ≃ 0.278 cm −3 . This value is assumed to equal roughly the hydrogen density n H . Then photoionization models can be computed where the metallicity and the relative abundances are the only free parameters. Since these models describe the low-ionization gas phase, the nitrogen abundance is constrained by the well-measured N ii column density. Remarkably, the observed features of all lowly and highly ionized species are reproduced best if the ionizing radiation is strongly dominated by the QSO power law spectrum. Three of our associated systems (z = 2.4427 towards HE 1158-1543, z = 2.6362 towards Q 0453-423, and z = 2.7091 towards PKS Figs. A.22, A.23, and A.24) are also part of a sample of associated systems studied by D 'Odorico et al. (2004) . While the column density estimates are in excellent agreement, we generally find higher metallicities. This discrepancy is clearly due to the different spectral energy distribution of the ionizing radiation assumed in the models. D 'Odorico et al. (2004) adopt a composite QSO spectrum from Cristiani & Vio (1990) , which is described by f ∝ ν α with a spectral index of α = −1.6 above the H i Lyman limit (E > 1 Ryd). This means their spectrum is softer compared to the combination of HM01 and a substantial contribution of the α = −1.0 power law.
Generally, adopting softer ionizing spectra would shift the results presented in the right panels of Fig. 7 to the upper left, i.e. would lead to lower metallicities (up to 1 dex depending on the degree of softening). This is further illustrated in Fig. 8 , which shows the metallicities (left panel) and relative abundances (right panel) of the associated systems derived under the assumption of a hard ionizing radiation including the QSO power law spectrum versus the results for a HM01 background only. Assuming the HM01 background as ionizing spectrum means that the associated absorbers are completely shielded from the QSO radiation. Thus the estimated abundances are yielded in the limit of the softest ionizing radiation. The outliers in the left panel of Fig. 8 leading to extremely higher metallicity when adopting the hard spectra are the three systems towards HE 2347-4342 that are known to have particular characteristics and have been discussed above. Excluding these systems, the metallicity estimated for the hard ionizing spectrum is on average (0.7 ± 0.3) dex higher for each considered element. Thus a rough estimate of the systematic error due to the uncertain spectral energy distribution of the QSO is ∼ 0.7 dex. However, the relative abundances are rather robust with respect to the hardness of the ionizing radiation as can be seen from the right panel of Fig. 8 . While for [N/C] and [α/C] the soft radiation yields on average slightly higher values (0.1 ± 0.2 and 0.1 ± 0.3 dex, respectively), the average offset is negligible for [N/α] (0.0 ± 0.2 dex). Therefore, we are confident about our results of the relative abundances derived for the associated absorbers despite the severe uncertainties regarding the ionizing spectral energy distribution.
However, the estimated metallicity in associated systems is generally higher than in intervening absorbers (lower panels of Fig. 6 ) independent of the ionizing spectrum. The median values derived for the associated systems are [N/H] = +0.61 and [C/H] = +0.66, respectively, about 1.3 dex higher than for the intervening systems. If all intervening N v systems were exposed to radiation harder than the standard UV background, the estimated metallicities increase by ∼ 0.9 dex to median values of [N/H] = +0.23 and [C/H] = +0.26. This is still 0.4 dex lower than the values derived under the same assumptions for the associated systems. On the other hand, if the associated systems would be exposed to a considerable softer radiation field, e.g. to a HM01 background as the limit for the softest spectrum (see above), the metallicity estimates are lower but the median abundances are still slightly super-solar. We then find [N/H] = +0.11 and [C/H] = +0.18, roughly 0.8 dex larger than intervening systems exposed the same background. Thus the finding of associated systems being statistically more metal-rich than intervening absorbers is independent of the hardness of the adopted ionizing radiation. High metallicities of roughly solar values are usually found in associated absorbers (e.g. Petitjean et al. 1994; Tripp et al. 1996; Wampler et al. 1996; Hamann et al. 1997; Papovich et al. 2000; Gabel et al. 2006; Ganguly et al. 2006 ) consistent with studies of QSO emission lines (e.g. Hamann & Ferland 1999; Dietrich et al. 2003; Bradley et al. 2004 ). Due to the simplifying assumption of the pure power law continuum for the QSO spectrum, our estimates tend to higher values though they are broadly consistent with estimates from the literature in case of the softest spectra, i.e. when the contribution from the background QSO to the ionizing radiation is small. Several authors report on enhanced nitrogen abundances in absorption systems close to a background quasar and AGN outflows (e.g. Petitjean et al. 1994; Petitjean & Srianand 1999; Gabel et al. 2006; Arav et al. 2007; Fields et al. 2007) . From the 11 associated systems investigated in this work 3 (27 %) show clearly enhanced nitrogen with [N/C] > 0. This number would increase to 4 (36 %) if the softer HM01 background is adopted as ionizing radiation. Misawa et al. (2007) defined a category of N v-strong intrinsic absorbers with large N v equivalent widths and rather weak C iv and H i features. They classified 11 out of 28 systems (39 %) as N v-strong. By definition such absorbers should have a low C iv/N v ratio. Our nitrogen-rich absorbers seem to belong to this category when comparing the measured column density ratios. The mean C iv/N v ratio of the nitrogen-rich components is log (N C iv /N N v ) = −0.25 ± 0.35 (median −0.26), which is clearly lower than the average column density ratio of the associated components with [N/C] < 0 (+0.55 ± 1.14, median +0.27). Moreover, our nitrogen-rich absorbers show on average weak H i (log N H i ≃ 12.9), while the other components have stronger H i features (log N H i ≃ 14.5). Therefore, our sample of associated absorbers suggests that systems classified as N v-strong according to Misawa et al. (2007) , are indeed nitrogen-rich with [N/C] 0. Within our rather small sample these are ∼ 30 % of the associated N v systems.
Regarding the physical parameters, associated absorbers are denser than the intervening yielding typically n H ≃ 10 −2.8 cm −3 . The distribution shows indication for a second peak at ≃ 10 −1.6 cm −3 , which may be an effect of the small numbers statistics. The temperatures are ∼ 30 000 K or slightly less comparable to those of the intervening systems. Absorber sizes estimated according to Eq. 1 are a few 10 to a few 100 pc, roughly one order of magnitude smaller than the intervening absorbers.
Discussion
Indications for hard ionizing spectra and local sources
Comparing the column densities of related N v and C iv, we have argued in Sect. 3 that the different slopes found for intervening and associated systems indicate a different ionizing radiation field. This is in disagreement with the hypothesis that intervening N v systems might arise preferentially close to radiation sources locally hardening the UV background. In order to test this conclusion independently we compare the results obtained with the soft HM01 models to those assuming an additional contribution of a power law spectrum ∝ ν α with spectral index α = −1.0. The harder models are computed for different intensity ratios 0.1 ≤ J QSO /J HM01 ≤ 100 at 1 Ryd and are displayed in Fig. 5 . We find that the intervening systems are generally consistent with ionization by the soft HM01 background.
Furthermore, for 7 out of 16 intervening systems (∼ 44 %) a very hard spectral energy distribution can be excluded. Any power law contribution to the radiation ionizing the system at z = 1.5855 towards PKS 1448-232 leads to very high metallicities and inconsistent models. Similar problems arise for spectra with J QSO /J HM01 > 0.1 for the systems at z = 2.0626 towards Q 0122-380 and z = 2.0764 towards Q 0329-385. The system at z = 1.7236 towards PKS 1448-232 cannot be mod-eled with very hard spectra J QSO /J HM01 > 3.0. Absorption features of C ii and Si ii, respectively, are overestimated for systems z = 2.2510 towards Q 0329-385, z = 1.9744 towards Q 0122-380, and z = 2.2212 towards HE 0940-1050 when applying some of the tested energy distributions. While the former are inconsistent with J QSO /J HM01 > 0.1, the latter can be modeled with harder spectra up to J QSO /J HM01 ∼ 0.3.
To summarize, none of the intervening N v systems requires a harder ionizing radiation field than the HM01 background to be modeled consistently. In contrary, for about half of the systems the contribution from a hard power law spectrum has to be low (J QSO /J HM01 0.3) to produce consistent models. Therefore, intervening N v absorption does not arise predominately in the vicinity of foreground QSOs where the radiation field is supposed to be harder, but rather in "normal" intergalactic absorption systems.
Implications for metal enrichment
Nitrogen is mainly produced in intermediate mass stars and is therefore released later into the interstellar and intergalactic space compared to α-elements whose main production sites are Type II supernova explosions. Thus, the relative abundances of these elements in astronomical objects depend on the overall level of enrichment. In low-metallicity environments α-elements are usually enhanced with respect to carbon while nitrogen is underabundant. We therefore expect to find different distributions of In Fig. 9 
we compare our estimates of [N/α] versus metallicity (traced by [N/H] (left panel) and [α/H] (right panel)
, respectively) to results collected from the literature. The abundance of nitrogen has been measured in various objects such as DLAs (e.g. Prochaska et al. 2002; Centurión et al. 2003; Petitjean et al. 2008; Pettini et al. 2002 Pettini et al. , 2008 , extragalactic H ii regions (e.g. Kobulnicky & Skillman 1996; Ferguson et al. 1998; van Zee et al. 1998; Izotov & Thuan 1999; Fig. 9 . It is in very good agreement with the measurements in extragalactic H ii regions and halo stars in the same metallicity range. Therefore, the majority of the analyzed absorption systems appears to be enriched with secondary nitrogen. The expected distribution in case of enrichment with secondary nitrogen is represented by the dotted line in the right panel of Fig. 9 . In particular, the associated systems tracing metal-rich environments (> 0.1 solar) follow a tight relation. The estimated values for the intervening systems show a larger scatter, indicating inhomogeneous enrichment with nitrogen. This can be interpreted in the sense of Schaye et al. (2007) who argue that the IGM is enriched by short-lived metal-rich clouds leading to inhomogeneous enrichment with heavy elements.
The second plateau of primary nitrogen at [N/H] < −2.8 in DLA systems is not probed with the present sample since the lower, non-DLA H i column densities of the intervening absorbers and our C iv-based selection procedure favor metal-rich absorption systems. For a typical absorber with log n H ∼ −3.5, log N H i 16, and [α/H] ∼ −2.8 at z ∼ 2 we would expect log N N v 11.2 if [N/α] ∼ −1.5, which is below our detection limit. In order to investigate the nitrogen abundances of intervening absorbers at this metallicity level the dominant ionization stage N iv has to be studied, which arises in the UV (rest wavelength 765.148 Å; Verner et al. 1994) . For this species a roughly 0.5 dex higher column density is expected.
Out of the 11 modeled intervening systems 5 yield [N/α] < −1.0. Except the unusual multi-phase absorber at z = 1.5855 towards PKS 1448-232 all these systems show rather strong H i absorption. From the absorbers with [N/α] > −1.0 only 2 have comparable strong H i features. However, 3 of the 5 low-[N/α] systems are at low redshifts. The combination of low-redshift and strong H i absorption means that the H i column density relies on the measurement for a saturated Lyα feature since higher orders of the Lyman series are beyond the observed spectral range. We therefore might underestimate the hydrogen content of these absorbers and overestimate the metallicity. Moreover, a possible multi-phase structure of the absorbers may bias the estimated metallicities. In Sect. 4 we have estimated the corresponding uncertainty in the derived abundances to be 0.5 dex. Furthermore, the ionizing radiation might be harder than assumed. Studies of metal lines systems suggest that the UV background at z 2.0 is significantly harder than at higher redshifts (Fechner et al. 2006; Agafonova et al. 2007) . If a power law spectrum with spectral index −1.0 is added to the appropriate HM01 background, the outliers in Fig. 9 Pettini et al. (2008) and adding the measurement of Richter et al. 2005) , extragalactic H ii regions (green crosses; Kobulnicky & Skillman 1996; Ferguson et al. 1998; van Zee et al. 1998; Izotov & Thuan 1999; Richter et al. 2005; Erni et al. 2006; Pettini et al. 2008) , extragalactic H ii regions in metal-poor galaxies (green crosses; Garnett et al. 1999; Kobulnicky & Skillman 1998 , and references therein) and metal-poor halo stars (red squares; Spite et al. 2005) . The dotted line represents a linear fit to our data points yielding [N/α] = −(1.04 ± 0.13) · [α/C] − (0.15 ± 0.08).
ing [O/C] value with decreasing oxygen abundance to the metallicity dependence of the carbon yields of massive stars with mass loss. However, the origin of carbon in the Milky Way is complex. While some authors argue the main production site of carbon should be massive stars (e.g. Gustafsson et al. 1999; Henry et al. 2000 , where the latter also include extragalactic H ii regions), others find carbon has to be produced mainly in lowand intermediate-mass stars in the Milky Way and other galaxies (Chiappini et al. 2003a,b) . More recently, Bensby & Feltzing (2006) suggest that massive stars dominate the carbon production at low metallicities while intermediate-and low-mass stars become important at higher metallicities (see also Carigi et al. 2005) . Kobulnicky & Skillman (1998) find a relation between [N/O] and [O/C] in metal-poor galaxies. Their data points together with measurements obtained by Garnett et al. (1999) are also presented in Fig. 10 . They cover the range 0.0 [α/C] +0.5 and follow well the fitted relation. The authors conclude that the correlation reflects the global enrichment of the interstellar medium resulting from the star formation history in each investigated galaxy. The slope of the relation is supposed to depend on the initial mass function fixing the ratio of carbon and nitrogen producing stars. Garnett et al. (1999) Summarizing, we speculate about the origin of carbon and nitrogen in the IGM. Provided that the nitrogen abundance is dominated by secondary nitrogen as concluded from Fig. 9 , the absorbers are supposed to be enriched by intermediate mass stars. That means the enrichment should have occurred only recently due to the time delay between the release of α-elements created in massive stars and nitrogen produced in intermediatemass stars. Carbon can be produced in stars of very different masses. Therefore, the carbon in the observed systems might be dominated by material produced in intermediate-mass stars as well. Thus, the correlation might indicate a common origin of carbon and nitrogen as suggested by Garnett et al. (1999) . However, the yields of C and O from massive stars are affected by the mass loss during the stellar evolution which in turn depends on the metallicity. On the other hand, if [N/C] correlates with [N/H] as indicated by our measurements, a different origin of nitrogen and carbon is suggested with carbon released earlier. From the observed correlations only we speculate that α-elements presumably are released into the IGM first, then carbon, and most recently nitrogen, thus in an order that reflect the decreasing masses of their stellar production sites. However, resulting abundances then depend on the IMF making the interpretation of observed abundance ratios a complex problem (e.g. Matteucci & Chiappini 2005) . For a detailed interpretation models applying nucleosynthesis yields for different types of the IMF would be required, which is beyond the scope of this work.
Summary and conclusions
We have performed a survey for N v absorption systems in the spectra of 19 QSOs observed with VLT/UVES. The N v systems are selected from 198 intervening and 30 associated metal line systems exhibiting C iv features, where absorbers within |∆v| < 5000 km s −1 from the QSO emission redshift are classified as associated.
(1) In total, 21 intervening systems with 61 individual components and 11 associated systems with 46 individual components are identified in the redshift range 1.5 z 2.5. Thus, the fraction of C iv systems exhibiting N v features is roughly 11 % and 37 % for intervening and associated absorbers, respectively. The rate of incident for intervening N v systems is dN/dz = 3.38 ± 0.43, corresponding to dN/dX = 1.10 ± 0.14.
(2) The column density distribution function can be described by the slope β = 1.89 ± 0.22. This slope is consistent with measurements for C iv and O vi, suggesting a common origin of these species, which is photoionized gas. Further evidence for photoionization is provided by the narrow line width of the N v components (b N v ∼ 6 km s −1 for the intervening systems), implying temperatures of T ∼ 3 · 10 4 K too low for collisional ionization that produces N v at much higher temperatures of T ∼ 2 · 10 5 K. The N v features in the individual systems are detected at the same position as C iv while O vi is shifted in velocity space to slightly higher values, typically by
. Therefore, N v is apparently in the same gas phase as C iv despite its higher ionization potential.
(3) The column densities of the N v and C iv components are closely correlated with different slopes for intervening and associated absorbers where intervening systems exhibit generally weaker N v features than associated systems. The different slopes indicate a different spectral energy distribution of the ionizing radiation. While associated absorbers are exposed to the hard spectrum of the background QSO, the intervening systems are ionized by the substantially softer radiation of the intergalactic UV background (Haardt & Madau 2001, HM01) . In conclusion, intervening N v features arise in rather "normal" intergalactic metal absorption systems and do not trace locally hardened radiation. This interpretation is supported by extensive photoionization modeling testing several spectral energy distributions. No indications for ionizing spectra substantially harder than the HM01 background are found in case of intervening systems.
(4) Detailed photoionization models are derived for each system in order to estimate the elemental abundances of the absorbers. We estimate a systematic error of roughly 0.7 dex for the individual metallicities of the associated absorbers due to the uncertain spectral energy distribution of the background QSO. The resulting metallicities for intervening systems are typically low with a median of [C/H] = −0.63. α-elements like oxygen and silicon are enhanced yielding median values [α/C] = +0.41 and [N/α] = −0.58, respectively. The typical density is n H ≃ 10 −3.6 cm −3 and sizes of a few to several 10 kpc with a median ∼ 5 kpc are found. In contrast, associated systems are more metal-rich independently of the adopted radiation field, having solar metallicity or even higher (median [C/H] = +0.66) and nearly solar relative abundances ([α/C] = −0.29 and [N/α] = −0.05, respectively). These absorbers are denser, yielding n H 10 −2.8 cm −3 , and about one order of magnitude smaller with typical sizes of 10 to a few 100 pc. is consistent with abundance measurements in metal-poor halo stars and extragalactic H ii regions, whereas the most metal-poor DLA systems do not fit the relation, probably reflecting the difference between primary and secondary nitrogen enrichment. Since the investigated sample is selected by N v, the systems are expected to be rather nitrogen-rich and therefore dominated by secondary nitrogen. The relation between [N/α] and [α/C] could be used in future studies to constrain the initial mass function of the carbon-and nitrogen-producing stellar population. N v 10.7 ± 0.1 13.764 ± 0.028 2.00 ± 0.00 C iv 13.3 ± 0.7 13.274 ± 0.126 7.04 ± 1.14 C iii 13.2 ± 0.0 11.936 ± 0.060 7.00 ± 0. 
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